Small-Scale Biodiesel Production: A Feasibility Study by Call, Isabel
Oberlin 
Digital Commons at Oberlin 
Honors Papers Student Work 
2005 
Small-Scale Biodiesel Production: A Feasibility Study 
Isabel Call 
Oberlin College 
Follow this and additional works at: https://digitalcommons.oberlin.edu/honors 
 Part of the Economics Commons 
Repository Citation 
Call, Isabel, "Small-Scale Biodiesel Production: A Feasibility Study" (2005). Honors Papers. 463. 
https://digitalcommons.oberlin.edu/honors/463 
This Thesis is brought to you for free and open access by the Student Work at Digital Commons at Oberlin. It has 
been accepted for inclusion in Honors Papers by an authorized administrator of Digital Commons at Oberlin. For 
more information, please contact megan.mitchell@oberlin.edu. 
l 
Small-Scale Biodiesel Production: 
A Feasibility Study 
Isabel Call 
May 19,2005 
Oberlin College Honors Seminar in Economics 
L 
Abstract 
The objective of the research presented in this paper is the development of cost 
curves for small-scale biodiesel production and a comparison of relevant technologies. 
The three technologies considered are the biodiesel pilot plant at the Iowa Energy 
Center's Biomass Energy Conversion Center, the commercially-sold Fuelmeister, and the 
bicycle-powered machine currently under development by students at Oberlin College. 
The price of biodiesel at which production via these technologies becomes profitable and 
the relative profitability of each will be determined through the use of a linear program. 
The importance of resource recovery and energy efficiency and the use of recycled 
feedstocks will be considered. 
1. Introduction 
Biodiesel is a non-toxic, biodegradable, and renewable diesel fuel substitute made 
from vegetable and animal fats. Biodiesel emissions are characterized by significantly 
lower levels of hydrocarbons, particulate matter, carbon dioxide, carbon monoxide, and 
sulfur oxide emissions than petroleum diesel emissions. 1 Because of its potential to offset 
the negative externalities on urban air quality and the level of greenhouse gases imposed 
by fuel usage, biodiesel is gaining attention as an alternative environmental fuel. 
Production has increased from around a half-million gallons in 1999 to an estimated 30 
million gallons in 2004? However, biodiesel is still a relative midget compared to the 
I Some biodiesel has a higher level nitrogen oxides than standard diesel, which is generally ignored by the 
literature. According the National Biodiesel Board, the increase in nitrogen oxides is not problematic 
because there are biodiesel-compatible technologies that can reduce them. ("Biodiesel Emissions.") 
2 National Biodiesel Board. FAQs, h.UQ://www.biodiesel.org/resources/faqs/, 12 February 2005. "Tax 
Incentive Fact Sheet," http://www.biodiesel.org/news/taxincentive/, 9 February 2005. 
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approximately 40 billion gallons of petroleum diesel sold annually3 and is unavailable to 
most consumers. The frequent explanation: cost. 
The most costly input to biodiesel production is the soybean oil feedstock. The 
u.s. Bioenergy Program, launched by the us Department of Agriculture Commodity 
Credit Corporation (CCC) in 2000, directly reimbursed biodiesel and ethanol producers 
for using targeted commodities like soybean oil. Originally a temporary program, it was 
renewed in the 2002 Farm Bill. According to USDA agricultural economist Jim Duffield, 
the program can probably be named the single,most important factor in the drastic 
increase in production in recent years.4 A new refund of federal excise taxes, signed into 
law at the end of last year, addresses the issue in a less direct way that also promises to be 
incredibly influential. The tax incentive is given to firms that blend biodiesel with 
petroleum diesel or sell neat (100%) biodiesel directly to consumers.s However, as 
important as these programs may be for the biodiesel industry, many producers have 
found new ways to procure oil at an even better price than the government can create 
through subsidies: the waste fats and oil by-products of restaurants and packing houses. 
Recycled vegetable and animal fats, called "waste fat feedstocks" here, sell for 
significantly less than "virgin oil," or non-recycled fresh vegetable oils. On the other 
hand, they complicate biodiesel production in ways that virgin oil does not. This is due to 
their high level of "free fatty acids" or FF As. During production, biodiesel is less able to 
separate from the glycerin by-product the higher the FFA level. Water, another by-
3 Energy Information Administration, 2003. 
4 Informational interview, February 9, 2005. 
5 This paper finds the break-even price of diesel for which various methods of production are profitable. 
Taxes have not been incorporated into the linear program. Future work should add in on-road usage taxes 
and then subtract tax credits through the new incentive program. For now, I am satisfied to leave out taxes 
because Biodiesel Oberlin, the community group with whom I have worked, is primarily interested in off-
road usage and a cooperative model of production, both of which make the final product exempt. 
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product of the reaction, mixes with the glycerin to form soap, and the suds inhibit the 
separation. Virgin oil typically has less than 1 % FF As, a negligible amount. Waste fats 
are classified by their FFA level: "yellow grease" is comprised of up to 15% FFAs and 
"brown grease" is comprised of more than 15% FFAs. Waste fats lower the per-batch 
return and require more washing of the biodiesel after the reaction to help with the 
glycerin separation, adding time and water costs. A straightforward chemical 
pretreatment of feedstocks can avoid the problem, but it is always an added cost not 
associated with virgin oil. Despite the pretreatment cost or lowered yield, observers of the 
biodiesel industry seem to agree that the benefits outweigh the costs, at least from a 
production perspective.6 Unfortunately, however, a serious economic study of their use 
has not been undertaken. 
A second answer to the problem of high feedstock costs is to employ technologies 
that use inputs as efficiently as possible. The chemical reaction that produces biodiesel 
does not use up all the feedstock and chemical inputs and some are discarded as waste. 
Water used to wash the biodiesel is typically discarded. In addition, a glycerin by-product 
is created. If producers can recover the inputs, distill the water for reuse, and purify the 
glycerin in order to sell it, the entire process may become more profitable. The pilot plant 
at the Iowa Energy Center's Biomass Energy Conversion Center, described by Canakci 
(2001) and Canakci and Van Gerpen (2003), takes into consideration these resource 
recovery issues. Canakci and Van Gerpen have discussed glycerin recovery anecdotally, 
but have not explicitly considered how it would affect the economics of production. The 
present work takes a first step in that direction. However, a simplifying assumption has 
been made: only glycerin made with virgin oil feedstocks may be sold. This assumption 
6 Canakci and Van Gerpen (2003), Canakci (2001), Korbitz (1999): 1082 
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comes from a telephone conversation with Van Gerpen.7 He has found that the single 
most important player in the glycerin market is Proctor and Gamble, a conglomerate that 
produces and consumes the most glycerin of any company in the US. Proctor and 
Gamble has limited their consumption to kosher glycerin, since many consumers of its 
products will purchase them only if they are kosher. Because waste fats usually cannot be 
traced back to their origin, a requirement of kosher products, and would often not have 
kosher origins even if they could be traced, glycerin made from waste fat feedstocks is 
not kosher. The market for non-kosher glycerin is very limited. The few outlets include 
fertilizer, a very low-energy fuel, and compost. Both Van Gerpen and Duffield (at the 
USDA) suggested that greater research should (and will be) devoted to coming up with 
new uses for glycerin, but they had no other concrete ideas. For the purposes of this 
paper, waste-fat glycerin has an assumed sale price of zero. 
Another possible point of inefficiency lies in energy use. It should not be 
surprising that biodiesel producers pay attention to energy since it is both a factor of 
production and the primary output. And since biodiesel's popularity is due to 
environmentalist concerns, producers may think beyond cost-minimization. They hope 
that biodiesel will lessen the impact of fuel consumption on the environment and 
therefore may be committed to lessening the impact of fossil fuels used in its production. 
One such producer is the non-profit Biodiesel Oberlin, a group building a bike-
power processor. They hope to be "off the grid," employing human labor to mix the 
inputs instead of purchasing conventional energy. The bike-power technology uses very 
low levels of standard energy sources but is too simple to incorporate resource recovery. 
Also, it has been designed exclusively for waste fat feedstocks, meaning that no glycerin 
7 13 December 2004. 
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recovery is expected: The Iowa pilot plant, on the other hand, has several resource 
recovery options but they require a great deal of energy (in the fonn of natural gas). A 
comparison of the two will be infonnative as to the relative importance of the two kinds 
of efficiency. We will consider a final technology, the Fuelmeister, which acts as a sort of 
mediator between the two. It is as simple as the bike-power technology in that it has no 
capacity for resource recovery, but it uses more electricity. Intended for home use by 
diesel car owners willing to collect their own recycled oil from restaurants, its design is 
also oriented toward waste fats, not virgin oils. To make the best possible comparison of 
the three technologies, however, we will consider their behavior under all three possible 
feedstocks: virgin oil, yellow grease, and brown grease. 
An economics paper about biodiesel could take one of two directions. First, it 
could quantify the decrease in negative externalities resulting from a shift from standard 
diesel to biodiesel. The results of such a paper would indicate the level at which diesel 
should be taxed to offset the negative externalities it imposes and whether or not 
biodiesel would be competitive under such a tax. In order to understand how such a tax 
would affect biodiesel, however, one must have some idea of its relative cost to 
petroleum diesel. Quantifying biodiesel production costs is the objective of the paper that 
follows. We will ignore the question of the externalities of fuel use and instead start with 
a more conventional question: under what conditions is biodiesel production a profitable 
enterprise? 
Such a simple question does not imply a single approach; there are many starting 
points for a profit-maximization model relating to biodiesel. Ahouissoussi and Wetzstein 
(1997) consider a bus transit system required to use alternative fuels and the conditions 
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under which it would demand biodiesei. They find that compared to compressed natural 
gas and methanol, biodiesel is the best alternative given fuel prices and engine 
performance. But their profit-maximization model is for a (highly specialized) consumer, 
not the producer. They assume that the transit system will use an alternative fuel and 
therefore do not consider petroleum diesel a competitor to biodiesei. Furthermore, they 
take biodiesel prices as given (despite the small size of the industry and thus the absence 
of dependable price data), ignoring the potential of greater profit-maximization at the 
production leveL Tareen, et. ai, (2000)8 consider the biodiesel producer instead of the 
consumer. They determine the price of diesel at which biodiesel production becomes 
feasible, biodiesel's "threshold value." They use biodiesel production costs based on a 
transformation of soybean oil production costs. The crucial caveat in their study is their 
consideration of the stochastic nature of diesel and biodiesel costs. They assume that 
diesel and biodiesel are perfect substitutes as fuel but argue that the two stochastic price 
processes are different, with biodiesel characterized by less volatility and price drift than 
petroleum diesel. A lower price for diesel, then, does not necessarily translate into it 
being more profitable than biodiesei. Furthermore, at times of increased price volatility in 
the world oil market, biodiesel becomes more profitable. 
The present work is in the vein of the work by Tareen, et. aL We will drop the 
discussion of stochastic prices but go into detail in determining the production costs. The 
biodiesel industry is quite diverse and there are many production methods. As explained 
above, there is a movement toward the use of waste fat feedstocks. A simple 
transformation of virgin oil prices like that of Tareen, et. a!., does not capture the 
8 For simplicity, I list only the first author. However, we are already familiar with the other two: Wetzstein, 
who co-authored the transit article, and Duffield, the USDA economist with whom I have spoken. 
Call 7 
production costs of biodiesel made from waste fats. There are many ways to capture these 
production costs, but here we will focus on the capital and operating costs of three small-
scale technologies. First is the bicycle-powered processor, which makes about 73 gallons 
ofbiodiesel daily. Second, the Fuelmeister is a garage-size unit marketed to individuals 
who wish to make fuel for their own vehicles. It produces 42 gallons of biodiesel in 48 
hours. Finally, the pilot plant at the Iowa Energy Center's Biomass Energy Conversion 
Center (called here the "Iowa technology") produces one fifty-gallon batch daily, though 
its pretreatment process add an additional day to batches made from waste fat feedstocks. 
All three have the capacity to use virgin oil, yellow grease, and brown grease, though the 
simpler ones were designed primarily for waste fats and the Iowa technology is the only 
one with a pretreatment process for waste fats. The Iowa technology is also the only one 
with the capacity for resource recovery. The Fuelmeister and the bike-power technology 
are included because of their contrasting approaches to energy usage: they use similar 
proportions of most inputs, such as feedstock and chemicals, except for energy. 
2. Approaches to Profit Maximization 
Given the current state of these technologies and the prices of inputs and outputs, 
this paper will demonstrate the sale price of biodiesel at which a small-scale biodiesel 
firm becomes viable, the "break-even price," and the relative profitability of 32 methods 
of production under the three technologies considered. The results come from average 
and marginal cost curves for each method. A comparison of all of the average cost curves 
indicates the most profitable method for each level of production. Specifically, we will 
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look at the value of the average cost at the maximum level of production of each method 
per month, which varies depending on the method. 
Literature about the profit-maximizing behavior of fuel producers typically 
focuses on a national industry for an established product rather than a particular firm 
producing a relatively new product like biodiesel. Ericsson and Morgan (1978) sought to 
explain the conditions under which a significant shale oil industry would develop in the 
Western United States at a time when traditional sources of oil were becoming 
increasingly expensive. The shale oil industry was new enough to warrant such a study 
but well enough established to have standardized technologies. Their objective was to 
maximize profits of a hypothetical shale oil industry given the variety of retorting 
technologies used to remove oil from the shale in which it is embedded. The primary 
constraints on the model were the known levels of shale deposits in the United States, the 
availability of water necessary at different levels for various technologies, disposal 
capacity for the shale from which oil had been removed, and environmental laws that 
limited the use of various technologies. By changing these underlying assumptions, they 
were able to estimate both optimistic and conservative results, which ended up varying by 
a ratio of fifteen to one. Unlike Ericsson and Morgan who discuss the shale oil industry, 
this work focuses on profit-maximization at the level of a single biodieselfirm, limited 
not by the availability of raw materials but by the availability of capital investment. 
However, their focus on technology and varied methods of production is informative for 
the model that follows. 
Sickles and Hartley (2001) study the extent of profit-maximization in the Saudi 
Arabian crude oil industry. They hypothesize that production decisions are based on 
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political, strategic, and geopolitical goals as well as economic objectives, yielding 
inefficient output levels. While such production decisions may in fact be optimal in a 
holistic sense, Sickles and Hartley argue that it is important to consider the level of 
economic non-optimality in order to fully evaluate government decisions in terms of lost 
government revenue, economic output, and foreign exchange. Sickles and Hartley use 
what they call engineering "pseudo-data," made up of expected outputs under known 
technologies, to create a hypothetical industry to which they compare data from the actual 
industry. They do not model dynamic adjustments in demand or uncertainty about 
revenue or cost functions. Not surprisingly, their results confirmed their hypothesis that 
Saudi Arabian oil production is not entirely profit-maximizing. The present research 
shares a great deal with Sickles and Hartley's approach. Demand for biodiesel is assumed 
to be perfectly elastic at a constant price,9 and input costs are fixed. With much less 
information about the biodiesel industry than was available to Sickles and Hartley about 
the Saudi Arabian crude oil industry, this study is also based on engineering data (rather 
than time series or cross-sectional data) about a hypothetical industry. Just as Saudi 
Arabian production decisions may be influenced by non-economic ideas, a firm may 
prefer one biodiesel production method (such as one with resource recovery or one that is 
"off the grid") to others, despite a higher cost. It is important to notice the costs of such a 
decision regardless of how valuable it may be in a holistic sense. 
Ericcson and Morgan and Sickles and Hartley present perspectives and 
motivations that inspired this work on biodiesel, but the model presented here is not 
directly based on any study. In many ways it is a market study directly useful to a 
potential biodiesel producer in a small market like Oberlin. Indeed, the local organization 
9 Discussed below. 
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Biodiesel Oberlin, which built the bike-power technology, has been the primary 
inspiration for this project. While less theoretical than most economics papers, I hope that 
it will nonetheless address some elementary economic ideas. The economic model behind 
the work is presented below. First, however, we should gain some understanding of the 
assumptions underlying the hypothetical biodiesel industry being studied here. 
3. The Assumed Biodiesel Industry 
As mentioned above, biodiesel consumption has grown to approximately 30 
million gallons in 2004. This number is still small enough that price statistics are 
unreliable for considerations ofbiodiesel's future profitability. Indeed, Tareen, et. aI., 
used the transformation of soybean oil prices as their proxy for biodiesel prices because 
they found that no market prices series for biodiesel existed. It is also important to note 
that even if there were a price series, the industry is still in the initial stages of adoption 
and the production technologies are probably subject to drastic improvements as 
engineers become more familiar with the chemical process. This study addresses one of 
those changes, the use of waste fat feedstocks instead of virgin oil. However, its great 
weakness is studying such small-scale production facilities. There are many firms across 
the world producing vastly greater quantities ofbiodiesel, but they were not studied here 
because their processes are highly proprietary and data is simply unavailable. 
The sale price ofbiodiesel is unknown. I will use the price of petroleum diesel as 
a proxy. I assume that biodiesel is a perfect substitute for petroleum diesel and that the 
firm is a price-taker, which implies that the demand for biodiesel is perfectly elastic at the 
current market price of petroleum diesel. If diesel can be sold at two dollars a gallon, so 
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can biodiesel-the remaining question is whether the costs of biodiesel production are 
less than or equal to two dollars a gallon. While it is unlikely that the two fuels are 
actually perfect substitutes, Tareen, et. aI., precede me in using this assumption. They 
state that the engine performance ofbiodiesel and diesel is essentially the same with 
respect to the cost of engines, fuel system costs, miles between rebuilds, and rebuild 
cost.!O The National Biodiesel Board indicates that engines operated with biodiesel have 
similar fuel consumption, torque, horsepower, and haulage rates as those operated with 
standard low-sulfur diesel.!! Biodiesel is standardized by American Society for Testing 
and Materials, indicating that its commercial presence as a fuel for use in diesel engines 
is noticed and regulated on an industry level.!2 A final anecdote to support the 
assumption is that Biodiesel Oberlin, the non-profit that built the bike-power technology, 
has relationships with many potential buyers of biodiesel (local individuals and 
businesses) who have expressed interest in buying the product as long as it costs the same 
or less than the going petroleum diesel price. 
4. The Economic Model 
We are used to U-shaped short-run cost curves, the increasing part of the marginal 
cost curve intersecting the minimum of the average cost curve. This project is grounded 
on an assumption of constant returns to scale, which predicts a different picture. Let us 
lOp. 377 
11 "Biodiesel Emissions." 
12 ASTM International is an independent organization that generates technical standards for many 
materials, products, systems, and services. It claims to playa "leadership role in addressing the 
standardization needs of the global marketplace" ("About ASTM International"). The National Biodiesel 
Board believes that the standardization marked a "major milestone for the biodiesel industry" ("Fleets"). 
Biodiesel producers receiving the recent tax incentive must meet ASTM standards. 
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explain what causes the traditional curves in order to fully understand the alternative 
model used here. 
The marginal cost curve is the ideal place to start, since the average cost curve can 
be derived from it. Initially, increasing returns to scale predict a negative slope as 
variable inputs are used more and more efficiently. Consider the costs of collecting 
grease from surrounding restaurants. Since restaurants often cluster together, the per-
gallon cost of collecting grease in a certain area declines as long as the desired amount 
remains somewhat low. The fixed costs of traveling to a restaurant cluster remain the 
same even when more restaurants in the cluster are visited. At some point returns to scale 
will start to decrease. Once grease collection at nearby restaurants has been exhausted, 
the grease collector must travel a large distance to get the next gallon of grease. The 
average cost curve is derived from this marginal cost curve by adding up all the fixed 
costs and the variable costs and dividing by the level of output. Mathematically, it will 
decrease and then increase, like the marginal cost curve, but the incline will happen later, 
just as the marginal cost curve intersects it. See figure la in Appendix I for a graphical 
representation of these traditional curves. 
The curves (in figure lb) assumed for this project look different. We assume the 
technologies to behave in an exactly predictable way with no possibilities for 
modification, which flattens out the decreasing part of the marginal cost curve. We also 
assume no technical limits to the capital (provided production lies within our 
conservative estimate of its capacity) and perfectly elastic supplies of inputs. This second 
set of assumptions flattens out the increasing portion of the marginal cost curve. Because 
of the way it is mathematically constructed, the average cost curve declines toward the 
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flat marginal cost curve. We assume that each technology can produce a fixed amount of 
biodiesel so that at the capacity for the technology, the marginal cost curve becomes 
vertical. This represents the impossibility of producing anything more than the 
technology'S capacity. 
The conventional cost model yields two predictions. First, it gives a range of 
profitable scales of production, visible as the quantities at which average cost is less than 
a given price. The price is the value of the assumed perfectly elastic demand function and 
will intersect the average cost curve at two points, as long as it does not happen to exactly 
equal the minimum average cost. Second, it points to a minimum break-even price of 
biodiesel, the price at which marginal cost equals average cost, the one-point intersection. 
In contrast, the model under constant returns to scale predicts the minimum profitable 
quantity of output given a biodiesel price but indicates that profit can be maximized 
beyond this point by infinitely increasing production. Our model does predict the 
minimum break-even biodiesel price, which we will call dp (for diesel price). The break-
even price is the value of average cost at the desired level of output. At an infinite level 
of output, the break-even price is equal to the marginal cost, since average cost is the 
marginal cost at the limit. However, because the technologies are constrained, dp falls 
above the marginal cost. Graphical representations of these predictions can be found in 
figure 2 in the Appendix. 
Once the data is plugged into our model, we should have 32 different average cost 
curves. How should we compare them? In general terms, the lower the average cost 
curve, the higher the profitability of the method. All methods above the horizontal price 
will be unprofitable, all methods below profitable. Complications arise when considering 
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the different batch sizes of the technologies. Let us assume that only one machine will be 
employed for each method. Then, in a month, the bike-power technology can produce 
2,205 gallons, the Fuelmeister 630 gallons, the Iowa technology 1,500 gallons if virgin 
oil is used or 750 if waste fats (which are pretreated) are used. The values that should be 
compared are the average costs of the 2,205th, 630th, and 1,500th (750th) gallons, 
respectively. 
Constant returns to scale, especially under the three given technologies, cannot be 
considered completely realistic. However, I am comfortable using it as a first attempt to 
explain whether (and how) biodiesel passes the market test. One justification is that the 
assumptions should hold for Biodiesel Oberlin's proposed scale of production. The 
quantity Biodiesel Oberlin currently desires falls well below the capacities assumed here, 
meaning that they should have little incentive to make the capital more productive 
(provided they tum a profit) and will be unlikely to make a dent in local input supplies. 
5. The Mathematical Model 
The present work addresses three questions about biodiesel production. Is it 
profitable? Which methods are profitable? How do less-profitable methods compare to 
more profitable methods? Let us develop a model that can answer these questions. We 
wish to maximize profit, equal to total revenue minus total cost: 
:It = TR -TC . (1) 
But there are many methods of production, each associated with different costs. In fact, 
there are 32 methods associated with the three technologies, as outlined in Table 1 
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(Appendix 2). Let us modify equation 1 in order to sum up the profits from each of these 
methods: 
(2) 
The symbol t represents a specific technology, as indicated in table 2 (Appendix 2). In 
our case, there are three technologies and T= 3. All of the non-technology choices made 
by the firm (what kind of feedstock to use, the extent of resource recovery, etc.) are 
represented in the method. For each technology t there are M, methods, as indicated in 
table 3 (Appendix 2). Let us add in a further detail. In addition to biodiesel, sale glycerin, 
waste glycerin, and wastewater are produced by the various methods. These can all be 
considered outputs, n, as indicated in table 4 (Appendix 2). Thus we should maximize 
(3) 
So far, we are maximizing the difference between the total cost of producing each 
output under each method (and its associated technology) and the revenue from this 
production. Let us add a bit more complexity. Each technology yields a different quantity 
of biodiesel, and the time it takes to complete a batch varies. Furthermore, each method 
produces different quantities of secondary outputs: some produce sale glycerin, others 
waste glycerin; some produce wastewater and some do not. Let us define 
). 
f.m,n 
as the quantity of each output produced by each method and its associated technology, 
the "batch size." The explanatory variable for the model will be the number of batches 
made with each method and its associated technology: 
X r•m• 
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Note that the number of batches does not depend on the type of output. This is because 
for each method m of technology t, there is a fixed relationship among the batch sizes of 
the relevant outputs. (The batch size At,m,n' unlike the number of batches x"m' is not a 
random variable but a constant.) This fixed relationship is defined by the following 
constraint: 
T M, 
Yn = ~ ~ A x t,In,n. I,m (i) 
t-I m-l 
where Yn = the quantity of output n produced by method m of technology t. 
With the explanatory variable and batch conversion constant, the new profit equation is: 
T M, N ,__ ) 
n = "\' ~ ~ \Pn J.."m,n - cl,m,n xt,m 
f:( m=1 n=l 
where Pn = the market price for one gallon of output n, and 
(4) 
Ct.m.n = the cost of producing one batch of output n using method m of 
technology t. 
The values of price and cost warrant some explanation. When n = I (biodiesel), Cm,n 
represents the cost of producing biodiesel using method m of technology t, which 
includes all the feedstock, chemical, and labor inputs. When n = 2 (sale glycerin), Cm•n 
represents the costs of preparing glycerin for sale (cleaning it) that are not included in the 
main biodiesel process. In either of these cases, Pn is the market price of selling one unit 
of n. However, when n = 3 or 4 (either waste glycerin or wastewater), pn = 0 (since it 
cannot be sold) and Cm,n indicates the cost of disposing of it rather than producing it. The 
values for At,m,n' Pm and Ct,m,n are all constant, given the output and technology and 
method if necessary. 
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The final addition to the profit equation is the cost of capital. Assuming that the 
production period is one month, we will define capital costs very simply as follows: 
K = P, W 
, L I 
I 
where Kt = the per month cost of using technology t, 
P t = the purchase price of technology t 
L t = the lifespan of technology t (in months), and 
(5) 
W, = the number of machines using technology t over the month. 
Our model is now: 
Maximize :rr = f ((~ i (Pn A"m,n - c"n/,n )XI'III) - Kll · (6) 
1=1 m=1 n=1 
Let us now consider the necessary constraints on the model. Constraint (i) has 
already been defined above. It serves to hold the number of batches of biodiesel 
proportional to the number of batches of the other outputs. Since all methods produce 
either two or three outputs-biodiesel, one kind of glycerin, and possibly wastewater-it 
is impossible to produce biodiesel without its secondary outputs and vice versa. There are 
also non-negativity constraints: 
Xt,m ~ 0, and (ii) 
Wt~O, (iii) 
which ensure that negative quantities of outputs cannot be produced and negative 
numbers of machines cannot be bought and utilized. Even though Pn, Am,n, Cm,n, Pr, and Lt 
will never fall below zero, they are exogenous to the model and therefore do not require 
non-negativity constraints. There is one final set of constraints that hold the amount of 
outputs produced to less than or equal to the capacity of the technology used. Each 
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technology can only produce so many batches each month. The number of batches for all 
the methods corresponding with one technology must be less than or equal to the capacity 
of that technology. Furthermore, biodiesel production methods corresponding to 
technologies that have not been purchased cannot be utilized. The following constraints 
deal with these issues: 
4 
~ X 2,m S B2W2, and 
m-I 
24 





where Bt= the maximum number of batches that one machine using technology t 
can produce in a month. 
Given a particular sale price for biodiesel (PI), we should expect that the 
profitable level of production will either be infinite or zero. This is because the non-
capital costs of producing biodiesel do not increase or decrease with quantity. The 
marginal cost is constant. The average cost, on the other hand, includes the cost of 
capital: 
where A Ct•m = the average cost of producing one batch of biodiesel using method 
m of technology t, and 
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Met,m = the marginal cost of one batch of biodiesel using method m of 
technology t. 13 
The average cost of using method m of technology t will decrease at a decreasing rate 
until Bt batches are produced. The average cost of the next batch is very high (because a 
second machine must be purchased) but once again decreases until2Bt batches are 
produced. We will assume that the biodiesel fIrm is a price-taker and therefore faces a 
perfectly elastic demand curve equal to the price of biodiesel pn. As long as pn exceeds 
the average cost of the B tth batch, the producer will maximize profits by producing 
infinitely according to our model. If the sale price is below the average cost at all points, 
the producer will produce no biodiesel. Obviously, we are missing a final constraint. In 
the linear program, we will consider production via 32 methods at once, each operating at 
capacity. Although an actual firm would choose only one method, this constraint allows 
us to compare the methods to each other. The method for which the average cost of the 
last batch is lowest can be considered the most profitable method. 
The model used in this study is closer to (2) than to (6). The complexity added by 
(6) is crucial for deriving a break-even price of glycerin, or the price of glycerin (given a 
diesel price) at which each method becomes profitable. Although a linear program was 
developed to answer the glycerin question, results were not generated. Such a question 
may be taken up in future work. 14 
13 The subscript n has been omitted because we are discussing the cost of producing biodiesel as the net 
per-batch costs of all relevant outputs. 
14 Contact the author for the OPL linear programs. 
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6. The Data 
The information about the quantities of inputs required for each technology and 
the capital costs come from three sources, one for each technology. I am lucky to know 
personally the primary engineer of the bike-power technology, Sam Merrett, with whom I 
have met regularly to receive information about the machine as it has been built. The 
Iowa technology was studied in depth by Mustafa Canakci, a recent PhD recipient in the 
Iowa State School of Mechanical Engineering. I have read his dissertation and exchanged 
e-mails with him. He sent me a set of spreadsheets with the operating costs of producing 
biodiesel using soybean oil, yellow grease, and brown grease. I have also spoken with his 
advisor, Jon V. Gerpen, now at the University ofIdaho. My information on the 
Fuelmeister comes from the Fuelmeister website I 5 as well as a short conversation with a 
sales representative. In addition, I have included some of my own guesswork on the 
quantities of water and energy required for the bike-power technology and the 
Fuelmeister. 
Price data for the inputs comes from a variety of sources. Prices for virgin oil and 
waste fat feedstocks were obtained through a trial online subscription to the Jacobsen 
Publishing Company, a historic fats and oil price reporter. Chemical prices were obtained 
through similar relationships with two chemical price reporters: leis-Lor and the 
Innovation Group. Because these chemical prices do not include transportation, I doubled 
them to estimate a maximum price. For sodium hydroxide, a more common retail 
product, I used the reported price of Red Devil Lye for the maximum. Energy and water 
prices were obtained from my personal utility bills in the town of Oberlin. Labor costs 
were approximated at $10 an hour. 
15 www.biodieselsolutions.com 
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The three technologies studied here have the following inputs: feedstock, 
chemicals, energy, water, labor, and capital. Figure 3 in Appendix 1 demonstrates the 
proportion of total costs for which each of these inputs is responsible. Tables 5, 6, and 7 
in Appendix 2 give additional details. Table 10 reports all of the input cost data. 
7. Results 
The results of this study have two interesting features. First, they indicate the 
prices of diesel at which biodiesel production via 32 different methods becomes 
profitable. The lowest among them are significantly lower than the current purchase price 
of diesel, meaning that we should tentatively confrrm that it is a viable industry. Second, 
the results indicate the relative profitability of all the methods, demonstrating which 
technologies, feedstocks, and levels of resource recovery are the most profitable. To the 
extent that the order changes as assumptions about input prices and technical 
requirements change, we are able to test the sensitivity of the relative profitability of each 
method. The results will be reported as a base case and sixteen alternative cases. Tables 8 
and 9 in Appendix 2 list the methods in order of profitability and the minimum break-
even price of diesel (assuming production at full capacity) of each for all the cases. When 
the methods are listed in order of decreasing profitability (increasing break-even price, 
dp), an increase in relative profitability is represented by a move up in the list. 
The Base Case 
We fmd that in general, bike-power is the most profitable method, followed 
closely by the Fuelmeister, and waste fat feedstocks are more profitable than virgin oil. 
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Not surprisingly, methods using virgin oil that dispose of the glycerin are less profitable 
than methods that sell the glycerin but are otherwise identicaL All methods using the 
Iowa technology were less profitable than other technologies. Once the Iowa technology 
was profitable, resource recovery methods were utilized first and the simplest methods 
were utilized last. This should not be surprising since we have held the Iowa technology's 
capital costs constant whether or not the more complicated features are used. The results 
of the base case are represented graphically in figures 4 and 5 in Appendix 1. 
Case 1 
In this case, labor times were increased from estimated minimums to estimated 
maximums. Specifically, they went from 2.83 to 5.66 hours under bike-power methods, I 
to 3 for Fuelmeister methods, 3.2 to 8 for Iowa virgin oil methods, 5.18 to IS for Iowa 
yellow grease methods, and 5.23 to 18 for Iowa brown grease methods. Increasing labor 
time means increasing labor costs, which should decrease the profitability of all methods, 
since they all use labor. The only change in the relative profitability of the two simple 
technologies was an increase in the relative profitability bike-power's virgin oil method. 
Many of the Iowa technologies shifted places, always with more complicated methods 
becoming less profitable because of their higher labor costs. 
ease 2 
In this case, the cost of brown grease was lowered from the Jacobsen number to a 
number estimated by Biodiesel Oberlin for the costs of collecting brown grease from 
restaurants. The change affected the relative profitability of only two Iowa methods using 
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brown grease, those with a minimal amount of resource recovery. The small effect is 
probably due to the already low relative cost of brown grease methods to the others. 
Cases 3,4, & 5 
These cases consider the effect of increasing energy prices. The effects were only 
noticeable in Iowa methods, where more complicated methods became less profitable 
than before. ) 
Case 6 
This case considers an increase in glycerin prices from leis-Lor's minimum to its 
maximum. Not surprisingly, methods 1,1 and 2,1 and two of the glyercin-recovering 
Iowa methods increased in relative profitability. The bike-power brown grease method is 
still the most profitable of them all. 
Case 7 
In this case, the cost of chemicals is decreased from the highest estimate to the 
lowest. In the base case, sodium hydroxide was estimated at the price of buying Red 
Devil lye retail and methanol and sulfuric acid at twice the price listed by leis-Lor. Case 
8 uses the Innovation Group's sodium hydroxide price and Icis-Lor's reported prices for 
the other chemicals. The change ends up affecting only the Iowa technology methods 
since the quantities of chemicals required for the other two technologies do not vary by 
method. Under the Iowa technology, the relative profitability of all of the brown grease 
methods and three of the eight yellow grease methods increased from the base case. This 
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is expected, since brown grease requires the largest amount of chemicals of all the 
feedstocks. 
CaseKl 
In this case, the capital costs for all technologies were doubled. This was done by 
doubling the purchase prices, but the results would be identical if lifespans were halved. 
The bike-power method using brown grease was still the most profitable method. The 
bike-power method using virgin oil moved up to second place, displacing the brown 
grease Fuelmeister method and indicating that the lower capital cost of bike-power 
relative to the Fuelmeister outweighed the savings on cheaper feedstocks. The lower 
capital cost of bike-power relative to the Iowa technology is also stronger than before, 
meaning that using virgin oil with the bike-power technology and disposing of the 
glycerin (an intuitively "wasteful" method) is now more profitable than any Iowa 
technology methods. Two of the Iowa methods still beat out the analogous Fuelmeister 
method, however. 
CaseK2 
The capital costs for all technologies were halved from the base case, following 
the same procedure as was used for Case Kl. Now the Fuelmeister beats bike-power for 
brown grease and yellow grease, though virgin oil feedstocks are still most profitable 
when used with the bike-power. The Iowa technology is much more profitable than 
before, with the most complicated yellow grease method relatively better than the virgin 





feedstocks are relatively more profitable than in the base case when compared to virgin 
oil feedstocks. Because the capital is less expensive than before, the benefits of resource 
recovery are stronger now that the capital costs playa lesser role. 
CasesK3 &K4 
These cases dealt only with the bike-power costs. In Case K3, the purchase price 
was decreased from $2000 to $500 (holding the lifespan constant at 36 months). In Case 
K4, the lifespan was decreased to 12 months and the purchase price stayed at $500. These 
cases were meant to test how sensitive the results are to the quality of the equipment. 
They are relevant to Biodiesel Oberlin since much of the machinery was donated, 
decreasing the capital costs but also possibly decreasing the capital's lifespan. However, 
the results indicated no change in the order of profitability, either among just the bike-
power methods or when they were compared to the other technologies. Future work 
should determine how extreme the changes in capital costs would have to be in order to 
cause any change in relative profitability of the methods. 
CasesK5 &K6 
These cases dealt only with the Fuelmeister costs. In Case K5, the lifespan was 
decreased from 36 months to 12 (holding the purchase price constant at $3500) to test the 
sensitivity of the technology's durability. There was no change in the relative profitability 
of the Fuelmeister methods to each other, but they did become less profitable relative to 
the other technologies. In Case K6, the purchase price was decreased to $2000 and the 
lifespan increased back to 36 months in order to test for how more versatile capital might 
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affect results from the base case. Although the Fuelmeister methods remained in the same 
order relative to each other~ three of the four became relatively more profitable than 
methods under the other technologies. We can see that a primary reason for Fuelmeister's 
poor performance relative to bike-power is its capital cost. 
CasesK7&K8 
Cases K7 and K8 dealt only with the Iowa technology. In both cases~ the purchase 
prices were changed from the base case~ but not the lifespans. In Case K7, the purchase 
price of the Iowa technology was decreased from $50,000 to $20~000. In Case K8 it went 
down even farther to $10,000. In both cases, methods 3,11 and 3,5 stayed at the top of the 
list, but lower down brown and yellow grease methods displaced methods using virgin oil 
feedstocks in relative profitability. This trend was more acute in Case K8 than Case K7. 
In sum~ the benefits of glycerin recovery associated with virgin oil are weaker when 
capital costs are lower. This finding resonates with our understanding of the Fuelmeister 
and bike-power technologies, given their typically higher relative profitability of brown 
grease methods and low capital costs. 
CaseK9 
In this case, all capital costs were made the same, and the original bike-power 
values. The brown-grease Fuelmeister method became the most profitable but bike-power 
still beat the Fuelmeister with a virgin oil feedstock with glycerin recovery. Although the 





methods surpassed both virgin Fuelmeister methods and the virgin bike-power method 
without glycerin recovery. 
8. Conclusion 
The results of this study tentatively indicate that waste fat feedstocks are more 
profitable than virgin oil in small-scale biodiesel production but that the profitability of 
virgin oil feedstocks is sensitive to glycerin prices. Although the technologies studied are 
by no means mainstream, the results favoring waste fats are new evidence in a growing 
body supporting waste fats. Resource recovery is not optimal given the three technologies 
studied here, but could easily become profitable as petroleum prices increase. Glycerin 
retrieval and sale is a cost-cutting measure if virgin oil feedstocks are used. 
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Figure 4: Average Cost Curves for Virgin Oil under the Base Case 
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Appendix 2: Tables 
Table 1: Production Methods 
Technology Method lIst methanol i2nd methanol :Wastewater iSell 
m Feedstock ' recove lrecove :recove ! 1 cerin 
Table 2: Technologies Table 3: Methods by Table 4: Outputs 
~ h I ec no ogy 
t Technology t Mr n Output 
I Bike-power I 4 I Biodiesel 
2 Fuelmeister 2 4 2 Sale Glycerin 





Table 5: Capital Variables 
Table 7: Method Costs 
t P L. B K 
1 2000 36 30 55.55555556 
t,m c 
2 3500 36 15 97.22222222 
3 50000 120 30/15 416.6666667 










Table 6: Batch Sizes of Outputs by 
Method (in Gallons) 
output (n) 





3, 7 149.oI 

















1, 1 73 20 0 25 
1, 2 73 0 20 25 
1, 3 73 0 20 25 
1,4 73 0 20 25 
2,1 42 6 0 8 
2,2 42 0 6 8 
2,3 42 0 6 8 
2,4 42 0 6 8 
3, 1 50 5 0 3673 
3,2 50 0 5 3673 
3,3 50 0 5 3673 
3,4 50 0 5 5509 
3,5 50 5 0 0 
3,6 50 0 5 0 
3, 7 50 5 0 3673 
method (t,m) 3,8 50 0 5 3673 
3,9 50 5 0 0 
3,10 50 0 5 0 
3,11 50 0 5 0 
3,12 50 0 5 5509 
3,13 50 0 5 0 
3, 14 50 0 5 5509 
3,15 50 0 5 0 
3, 16 50 0 5 5509 
3,17 50 0 5 0 
3,18 50 0 5 0 
3,19 50 0 5 5509 
3,20 50 0 5 0 
3,21 50 0 5 5509 
3,22 50 0 5 0 
3,23 50 0 5 5509 







2, 04 I ._:;:~ 
1,01 : .:.~g 
1,03 U(; 
2,03 L62 
2,01 : .9(-; 
1, 02 2,,-~'i9 
2,02 :;; .~:-1 
3, 19 "Y • ."!';; 
3,07 2.8,; 
3, 05 ~~ . }:(; 
3, 21 2.9~ 
3, 20 :~ .. ~G 
3,01 3,1~'; 
3,09 3 ;,1, 
3,18 3.i 4 
3,11 3.~?'~~ 
3, 12 3,?·:~ 
3,08 3.2.' 
3,06 :.27 
3, 13 3, -1"'; 
3, 14 _~. A 7 
3,02 :1 ~!) 
3, 10 ?-.5"; 
3, 15 4.0J 
3, 16 :i ((" 
3,03 '.L~(; 
3,17 4.JO 
3,23 :) ,(2 
3,22 5.()L 
3,04 57;:' 



































Table 8: The Break-Even Prices under Cases 1-7 
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Table 9: The Break-Even Prices under Cases KI-K9 
Base Kl K.2 K3 K4 K5 K6 K7 K8 
(t,m) i' (t,m) (iiJ (t,m) {/o (t m) (II) (t m) (.Ii' (t m) (.h (t m) <11) (t m) ,in (t,m) dn 
1,0413:1 2,04 ,.).6 1,01 1.26 1,04 L3G 1,04 1.31 1,04 1.31. 2,04 1.27 1, 04Ul 1,04 
1,01 ; .41 1,04 1.31 1,02 1.30 2,04 1 X~ 2,04 LU 1,01 1.38 1,04 13 2 2,04 L3) 2,04 
2,04 1 A9 1,01 ; 37 1, 03l.37 1,01 1.:P 1,01 1.3E; 2,041.6.:; 1, 01i .38 1, 01i.38 1,01 
1,03 U;? 2,03 U<! 1,04 1.74 1,03 1.77 1,03 1.73 1,03 1.79 2,03 .US 1,03 1.79 1,03 
2,03 un 1, 03!. n 2,01 1 7g 2,03 UG,: 2,03 1.82 2,03 2.13 1,03 1.79 2,03 1.82. 2,03 
2,01 2. d 2, 0IL::g 2,02 1 Y2 2,01 1.96 2,01 L% 2,01 2.2.7 2,01 U;9 2,01 iYi 3,19 
1,02 2.5:.: 3,19 ::.07 2,031.;.\;; 3,19 Ljl: 3, 19 2.3·~ 3,19 234 3, 19 2.3~' 3, 19 2.::~ 2,01 
2,022.69 3, 21 ~L29 2,04 L2:L 1,02 2.n 1,02 2.48 1,02 2A !; 2,02 .2,47 3, 21 2.2~; 3,21 
3, 19 :;.,)G 3, 20 :~.2(;' 3,01 :!A6 2,02 .?.54 2,02 2.51.1 3,21 2.37 1,02 2,49 3,20 2.2·'1 3,20 
3,21 J. U 2,02 l AC) 3,02 2.A8 3,21 2.57 3,21 2.S7 3,20 2.57 3,21 7.57 1,02 2A9 3,11 
3,20 3. U 1,02 ') .';;; 3, 03 L':~; 3,20 :2.:57 3,20 2.57 3,11 2.g:.1 3,20 2.37 3,11 1.5.i 3,12 
3, 11 3A;) 3, 11 2.57 3,04 02.5) 3, 11 ') f!4 3, 11 :U;·<l 3, 12 :!..85 3, 11 2.84 3, 12 2.51 1,02 
3, 12 3.40 3, 12 25 f 3,05 1.52 3, 12 2.8S 3, 12 ::'Ub 2,02 L.85 3, 12 2.85 2,02 2.54 2,02 
3,01 3.:; 1 3,13 'i gn 3, 06 2.:~:.·:. 3,13 i .flS 3,13 .:I .ng 3,13 .H}8 3,13 3.0f( 3,13 2.74 3,13 
3,06 3.50 3,14 '!.8C 3,07 2.::> 3,14 3.0:; 3,14 3.08 3, 14 :~.()8 3,14 3.\18 3,14 2.74 3,14 
3,07 ~.5" 3,01 3.00 3,08 :U.O\ 3,01 :U<·: 3,01 :3,;1.; 3,01 3.1<j· 3,01 ::'.I'·!· 3,01 :;.'.)7 3,01 
3,05 3 ~ 'i 3, 06 :~.n<) 3,09 2.69 3,06 3.n 3,06 3X? 3,06 3.12 3,06 .\2.2 3,06 3.06 3,06 
3, 13 .'.S.: 3,07 __ I .... 3, 1O;~.70 3,07 3.2(; 3,07 3.26 3,07 :i.::'.6 3,07 3.26 3,07 3.0': 3,07 
3, 14.(S3 3,05 3.12 3, 11 :l. .70 3,05 :.1.26 3,05 :L?6 3,05 32,6 3,05 3.26 3,05 3.(l9 3,05 
3, 09 3~8J 3, 18 3~.~6 3,12 1...79 3,09 3.53 3,09 .:t:;3 3,09 3.53 3,09 3.53 3,18 3.20 3,18 
3, 02 :i, 6 ~·. 3, 15 3.36 3, 13 2 .<J:~ 3, 18 35~l 3, 18 3.:3:; 3, 18 3.5.:1 3, 18 :351 3, 15 3.30 3, 15 
3,08 .<):f 3,16 3.J6 3,14 :2 :/J 3,02 3.54 3,02 3.54 3, 02 3.5~ 3, 02 3.5~ 3,16 3.30 3,16 
3,18 4.09 3,09 :LF: 3,15 :!.').:I 3,15 3.;<! 3,15 :.;.6:.5 3,15 :i.e 3,15 .. H;:; 3,09 337 3,09 
3, 15 'f. IS 3,02 :j :;G 3, 16 2.9:' 3,16 J.{;:; 3,16 :.64 3,16 3.6.1 3,16 :3.E·;: 3,02 3.38 3,02 
3,16 ·Ul.] 3,08 :.~.53 3,17 3.17 3,08 :UH'; 3,08 3N) 3,08 3.66 3,08 3.6~) 3,08 3.50 3,08 
3,10 4.:;'2 3,17 jE! 3,18 3.:.'.0 3, 17 3.9~: 3,17 3.90 3,17 3.';'0 3,17 :.UO 3,17 357 3,17 
3, 17 4 .,·1() 3, 10 3.: :0 3,19 :'U:, 3,10 3.(}4 3,10 3.9,;1 3,10 3.9'-! 3,10 3.94 3,10 3.'1"7 3,10 
3,03 ,1 K: 3,03 :.:.98 3,20 3.75 3,03 4.26 3,03 "i.%6 3,03 4.2C 3,03 4.26 3,03 3.93 3,03 
3,23 .':>.~(~i 3,23 ~,.9,,~ 3,21 :'~.98 3,23 52~ 3,23 ~5. ~~1 3,23 J.2'j 3,23 »2'; 3,23 4·,88 3,23 
3,22 5.77 3,22 'IS·:: 3,22 :).:::< 3,22 5.2.1 3,22 5.::1. 3,22 5.2 1 3,22 5.:)[. 3,22 4. gg 3,22 
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Table 10: Cost Details 
Inl,ut 1,1 S/unit 1,2 S/unit 1,3 S/unit 1,4 $Iuni! 2,1 S/unit 2,2 $Iunit 2,3 S/unit 2,4 S/uni! 
Virgin oil (gal) 68.00 1.77 68.00 1.77 1.77 1.77 40.00 1.77 40.00 1.77 1.17 1.77 
Yellow grease (gal) 1.01 1.01 68.00 1.01 1.01 1.01 1.01 40.00 1.01 1.01 
Brown grease (gal) 0.50 0.50 0.50 68.00 0.50 0.50 0.50 0.50 40.00 0.50 
Methanol p I (gal) 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 
Non-recovered methanol p I (gal) 2.20 2.20 2.20 2,2t 2.2( 2.20 2.20 2.20 
Methanol p2 (ga[) 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 
Non-recovered methanol p2 (ga[) 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 
Methanol main (gal) 13.60 2.20 13.60 2.20 13.60 2.20 13.60 2.20 8.00 2.20 8.00 2.20 8.00 2.20 8.00 2.20 
Non-recovered methanol main (gal) 2.20 2.20 2.20 2.20 2.20 2.20 2.2t 2.20 
Sulfuric Acid pi (g) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sulfuric Acid p2 (g) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sulfuric Acid main (g) 1326.00 0.00 1326.00 0.00 1326.00 0.00 1326.00 0.00 780.00 0.00 780.00 0.00 780.00 0.00 780.00 0.00 
Sodium hydroxide main (kg) 13.70 13.70 13.70 13.7C 13.70 13.7C 13.70 l3.n 
Electricity for pump p I (kwh) 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 
Electricity for healer p I (kwh) 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 
Electricity for pump p2 (kwh) 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 
Electricity for heater p2 (kwh) 0.08 0.08 0.08 0.08 0.08 0.08 0 .08 0.08 
Electricity main (kwh) 5.00 0.08 5.00 0.08 5.00 0.08 5.00 0.08 15.00 0.08 15.00 0.08 15.00 0.08 15.00 0.08 
Natural gas for meth p I (kg) 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 
Natural gas for meth p2 (kg) 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 
Natural gas for meth main (kg) 0.60 0.60 0.60 0.60 0.60 0.6C 0.60 0.60 
Natural gas for water (kg) 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 
Water (gal) 146.88 0.00 146.88 0.00 146.88 0.00 146.88 0.00 84.00 0.00 84.00 0.00 84.00 0.00 84.00 0.00 
Wastewater (gal) 146.88 0.00 146.88 0.00 146.88 0.00 146.88 0.00 84.00 O.OC 84.00 0.00 84.00 0.00 84.00 0.00 
Labor pre (hr) 10.00 10.00 10.00 10.00 10.0( 10.00 10.00 10.00 
Labor main (hr) 2.83 10.00 2.83 10.00 2.83 10.00 2.83 10.00 1.00 10.00 1.00 10.00 1.00 10.00 1.00 10.00 
Glycerin clean-up (gal) 20.00 0.50 0.50 0.50 0.50 6.00 0.50 0.50 0.50 0.50 
Glycerin disposal (gal) 0.10 20.00 0.10 20.00 0.10 20.00 0.10 0.10 6.00 0.10 6.00 0.10 6.00 O·to 
Glycerin sa[e (gill 20.00 -4.46 0.00 -4.46 0.00 -4.46 0.00 -4.46 6.00 -4.46 0.00 -4.46 0.00 -4.46 0.00 -4.46 
Total 99.80950873 [81.0095087 129.6705287 94.98202873 75.8244[ 872 [00.1844187 69.98501872 49.58001872 
Input 3, I S/unit 3,2 S/uni! 3,3 $/unit 3,4 S/unit 3,5 Slunit 3.6 S/uni! 3,7 S/unit 3,8 $Iunit 
Virgin oil (ga[) 51.54 1.77 51.54 1.77 0.00 1.71 0.00 1.71 51.54 1.77 51.54 1.77 51.54 1.71 51.54 1.71 
Yellow grease (ga[) 1.01 1.01 51.54 1.0[ 0.00 1.01 1.01 1.01 1.01 1.01 
Brown grease (gal) 0.50 0.50 0.00 0.50 51.54 0.50 0.50 0.50 0.50 0.50 
Methanol p I (gal) 2.20 2.20 0.66 2.20 2.92 2.20 2.20 2.20 2.20 2.20 
Non-recovered methanol p I (gal) 2.2C 2.20 12.60 2.20 55.46 2.20 2.20 2.20 2.20 2.2C 
Methanol p2 (gal) 2.20 2.20 0.16 2.20 0.25 2.20 2.20 2.20 2.20 2.20 
Non-recovered methanol p2 (gal) 2.20 2.20 6.12 2.20 9.71 2.20 2.20 2.20 2.20 2.20 
Methanol main (gal) 6.39 2.20 6.39 2.20 5.24 2.20 3.86 2.20 6.39 2.20 6.39 2.20 6.39 2.2t 6.39 2.20 
Non-recovered methanol main (g1 6.39 2.2C 6.39 2.20 5.24 2.20 3.86 2.20 2.2U 2.2t 2.20 2.20 
Sulfuric Acid pI (g) 0.00 0.00 783.00 0.00 7080.00 0.00 0.00 0.00 0.00 0.00 
Sulfuric Acid p2 (g) 0.00 0.00 189.00 0.00 609.00 0.00 0.00 0.00 0.00 0.00 
Sulfuric Acid main (g) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sodium hydroxide main (kg) 0.74 13.70 0.74 13.70 0.75 13.70 0.68 13.70 0.74 13.70 0.74 13.7C 0.74 13.70 0.74 13.70 
Electricity for pump pi (kwh) 0.08 0.08 13.50 0.08 18.00 0.08 0.08 0.08 0.08 0.08 
E[ectricity for heater pi (kwh) 0.08 0.08 2.97 0.08 3.96 0.08 0.08 0.08 0.08 0.08 
Electricity for pump p2 (kwh) 0.08 0.08 13.50 0.08 10.50 0.08 0.08 0.08 0.08 0.08 
Electricity for heater p2 (kwh) 0.08 0.08 2.97 0.08 2.3[ 0.08 0.08 0.08 0.08 0.08 
E[ectricity main (kwh) 12.00 0.08 12.00 0.08 12.00 0.08 12.00 0.08 12.00 0.08 12.00 0.08 12.00 0.08 12.00 0.08 
Natural gas for meth pi (kg) 0.60 0.60 0.00 0.60 0.00 0.60 0.60 0.60 0.60 0.60 
Natura[ gas for meth p2 (kg) 0.60 0.60 0.00 0.6( 0.00 0.60 0.60 0.60 0.60 0.60 
Natural gas for meth main (kg) 0.6( 0.60 0.00 0.6( 0.00 0.6( 0.47 O.6C 0.47 0.6C 0.47 0.6C 0.47 0.6C 
Natural gas for water (kg) 0.6( 0.60 0.00 0.60 0.00 0.60 0.50 0.60 0.50 0.60 0.60 0.60 
Waler(ga[) 3672.86 0.00 3672.86 0.00 5509.30 0.00 3672.86 0.00 3672.86 0.00 3672.86 0.00 3672.86 0.00 3672.86 0.00 
Wastewater (ga[) 3672.86 0.0< 3672.86 0.00 5509.30 0.00 3672.86 0.00 0.00 0.00 3672.86 0.01 3672.86 O.O( 
Labor pre (hr) 10.00 10.00 1.98 10.00 2.03 10.1)( 1.98 10.00 1.98 10.01 1.98 10.00 1.98 10.00 
Labor main (hr) 3.20 10.00 3.20 10.00 3.20 10.00 3.20 10.00 3.20 10.00 1.00 10.0< 3.20 10.00 3.20 10.00 
G[ycerin clean-up (ga[) 5.00 0.50 0.50 0.00 0.50 0.00 0.50 5.00 0.50 0.50 5.00 0.50 0.50 
Glycerin disposal (gal) 0.10 5.00 0.10 5.00 0.10 5.00 0.10 0.10 5.00 0.10 0.10 5.00 0.10 
Glycerin sa[e (ga[) 5.00 -4.46 0.00 -4.46 0.00 -4.46 0.00 -4.46 5.00 -4.46 0.00 -4.46 5.00 -4.46 0.00 -4.46 
Tota[ 142.9478988 163.2478988 185.3379426 261.3219309 149.0162522 147.3162522 149.0062759 169.3062759 
(,~11 4() 
1 
Table 10: Cost Details, cont. 
Inout 3,9 S/unit 3,10 Siunit 3, II Slunit 3,12 Siunit 3,13 $Iunit 3,14 Siunit 3,15 $/unit 3,16 S/unit Virgin oil (gal) 51.54 1.77 51.54 1.77 0.00 1.77 0.00 1.77 0.00 1.77 0.00 1.77 0.00 1.77 0.00 1.77 Yellow grease (gal) 1.01 1.01 51.54 1.01 51.54 1.01 51.54 1.01 51.54 1.01 51.54 1.01 51.54 1.01 Brown grease (gal) 0.50 0.50 0.00 0.50 0.00 0.50 0.00 0.50 0.00 0.50 0.00 0.50 0.00 0.50 Methanol p I (gal) 2.20 2.20 0.66 2.20 0.66 2.20 0.66 2.20 0.66 2.20 0.66 2.20 0.66 2.20 
Non-recovered methanol p I (gal) 2.20 2.20 0.00 2.20 0.00 2.20 0.00 2.20 0.00 2.20 12.60 2.20 12.60 2.20 
Methanol p2 (gal) 2.20 2.20 0.16 2.20 0.16 2.20 0.16 2.20 0.16 2.20 0.16 2.20 0.16 2.20 
Non-recovered methanol p2 (gal) 2.20 2.20 0.00 2.20 0.00 2.20 0.00 2.20 0.00 2.20 6.12 2.20 6.12 2.20 
Methanol main (gal) 6.39 2.20 6.39 2.20 5.24 2.20 5.24 2.20 5.24 2.20 5.24 2.20 5.24 2.20 5.24 2.20 
Non-recovered methanol main (g 6.39 2.20 6.39 2.20 0.00 2.20 0.00 2.20 5.24 2.20 5.24 2.20 0.00 2.20 0.00 2.20 
Sulfuric Acid p I (g) 0.00 0.00 783.00 0.00 783.00 0.00 783.00 0.00 783.00 0.00 783.00 0.00 783.00 0.00 
Sulfuric Acid p2 (g) 0.00 0.00 189.00 0.00 189.00 0.00 189.00 0.00 189.00 0.00 189.00 0.00 189.00 0.00 
Sulfuric Acid main (g) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sodium hydroxide main (kg) 0.74 13.70 0.74 13.70 0.75 13.70 0.75 13.70 0.75 13.70 0.75 13.70 0.75 13.70 0.75 13.70 
Electricity for pump pi (kwh) 0.08 0.08 13.50 0.08 13.50 0.08 13.50 0.08 13.50 0.08 13.50 0.08 13.50 0.08 
Electricity for heater pi (kwh) 0.08 0.08 2.97 0.08 2.97 0.08 2.97 0.08 2.97 0.08 2.97 0.08 2.97 0.08 Electricity for pump p2 (kwh) 0.08 0.08 13.50 0.08 13.50 0.08 13.50 0.08 13.50 0.08 13.50 0.08 13.50 0.08 Electricity for heater p2 (kwh) 0.08 0.08 2.97 0.08 2.97 0.08 2.97 0.08 2.97 0.08 2.97 0.08 2.97 0.08 Electricity main (kwh) 12.00 0.08 12.00 0.08 12.00 0.08 12.00 0.08 12.00 0.08 12.00 0.08 12.00 0.08 12.00 0.08 Natural gas for meth p I (kg) 0.60 0.60 1.50 0.60 1.50 0.60 1.50 0.60 1.50 0.60 0.00 0.60 0.00 0.60 Natural gas for meth p2 (kg) 0.60 0.60 1.50 0.60 1.50 0.60 1.50 0.60 1.50 0.60 0.00 0.60 0.00 0.60 Natural gas for meth main (kg) 0.60 0.60 0.04 0.60 0.04 0.60 0.00 0.60 0.00 0.60 0.04 0.60 0.04 0.60 Natural gas for water (kg) 0.50 0.60 0.50 0.60. 0.50 0.60 0.00 0.60 0.50 0.60 0.00 0.60 0.50 0.60 0.00 0.60 Water (gal) 3672.86 0.00 3672.86 0.00 5509.30 0.00 5509.30 0.00 5509.30 0.00 5509.30 0.00 5509.30 0.00 5509.30 0.00 Wastewater (gal) 0.00 0.00 0.00 5509.30 0.00 0.00 5509.30 0.00 0.00 5509.30 0.00 Labor pre (hr) 1.98 10.00 1.98 10.00 1.98 1.98 1.98 1.98 1.98 1.98 
Labor main (hr) 3.20 10.00 3.20 10.00 3.20 10.00 3.20 10.00 3.20 10.00 3.20 10.00 3.20 10.00 3.20 10.00 
Glycerin clean-up (gal) 5.00 0.50 0.50 0.00 0.50 0.00 0.50 0.00 0.50 0.00 0.50 0.00 0.50 0.00 0.50 
Glycerin disposal (gal) 0.10 5.00 0.10 5.00 0.10 5.00 0.10 5.00 0.10 5.00 0.10 5.00 0.10 5.00 0.10 Glvcerin sal~ (.al)· 5.00 -4.46 0.00 -4.46 0.00 -4.46 0.00 -4.46 0.00 -4.46 0.00 -4.46 0.00 -4.46 0.00 -4.46 
Total 162.7878751 183.0878751 114.4710143 114.6066269 125.9796517 126.1152643 153.8636927 153.9993052 
I.wut 3,17 $Iunit 3,18 $Iunit 3,19 $lnnit 3,20 $Iunit 3,21 Siunit 3,22 Siunit 3,23 $Iunit 3,24 Siunit 
Virgin oil (gal) 0.00 1.77 0.00 1.77 0.00 1.77 0.00 1.77 0.00 1.77 0.00 1.77 0.00 1.77 0.00 1.77 
Yellow grease (gal) 51.54 1.01 0.00 1.01 0.00 1.01 0.00 1.01 0.00 1.01 0.00 1.01 0.00 1.01 0.00 1.01 
Brown grease (gal) 0.00 0.50 51.54 0.50 51.54 0.50 51.54 0.50 51.54 0.50 51.54 0.50 51.54 0.50 51.54 0.50 
Methanol p I (gal) 0.66 2.20 2.92 2.20 2.92 2.20 2.92 2.20 2.92 2.20 2.92 2.20 2.92 2.20 2.92 2.20 
Non-recovered methanol p I (gal) 12.60 2.20 0.00 2.20 0.00 2.20 0.00 2.20 0.00 2.20 55.46 2.20 55.46 2.20 55.46 2.20 
Methanol p2 (gal) 0.16 2.20 0.25 2.20 0.25 2.20 0.25 2.20 0.25 2.20 0.25 2.20 0.25 2.20 0.25 2.20 
Non-recovered methanol p2 (gal) 6.12 2.20 0.00 2.20 0.00 2.20 0.00 2.20 0.00 2.20 9.71 2.20 9.71 2.20 9.71 2.20 
Methanol main (gal) 5.24 2.20 3.86 2.20 3.86 2.20 3.86 2.20 3.86 2.20 3.86 2.20 3.86 2.20 3.86 2.20 
Non-recovered methanol main (g 5.24 2.20 0.00 2.20 0.00 2.20 3.86 2.20 3.86 2.20 0.00 2.20 0.00 2.20 3.86 2.20 
Sulfuric Acid p I (g) 783.00 0.00 7080.00 0.00 7080.00 0.00 7080.00 0.00 7080.00 0.00 7080.00 0.00 7080.00 0.00 7080.00 0.00 
Sulfuric Acid p2 (g) 189.00 0.00 609.00 0.00 609.00 0.00 609.00 0.00 609.00 0.00 609.00 0.00 609.00 0.00 609.00 0.00 
Sulfuric Acid main (g) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sodium hydroxide main (kg) 0.75 13.70 0.68 13.70 0.68 13.70 0.68 13.70 0.68 13.70 0.68 13.70 0.68 13.70 0.68 13.70 
Electricity for pump pi (kwh) 13.50 0.08 18.00 0.08 18.00 0.08 18.00 0.08 18.00 0.08 18.00 0.08 18.00 0.08 18.00 0.08 
Electricity for heater p I (kwh) 2.97 0.08 3.96 0.08 3.96 0.08 3.96 0.08 3.96 0.08 3.96 0.08 3.96 0.08 3.96 0.08 
Electricity for pump p2 (kwh) 13.50 0.08 10.50 0.08 10.50 0.08 10.50 0.08 10.50 0.08 10.50 0.08 10.50 0.08 10.50 0.08 
Electricity for heater p2 (kwh) 2.97 0.08 2.31 0.08 2.31 0.08 2.31 0.08 2.31 0.08 2.31 0.08 2.31 0.08 2.31 0.08 
Electricity main (kwh) 12.00 0.08 12.00 0.08 12.00 0.08 12.00 0.08 12.00 0.08 12.00 0.08 12.00 0.08 12.00 0.08 
Natural gas for meth pi (kg) 1.50 0.60 4.08 0.60 0.00 0.60 4.08 0.60 4.08 0.60 0.00 0.60 0.00 0.60 0.00 0.60 
Natural gas for meth p2 (kg) 1.50 0.60 0.71 0.60 0.00 0.60 0.71 0.60 0.71 0.60 0.00 0.60 0.00 0.60 0.00 0.60 
Natural gas for meth main (kg) 0.04 0.60 0.28 0.60 0.00 0.60 0.00 0.60 0.00 0.60 0.28 0.60 0.28 0.60 0.00 0.60 
Natural gas for water (kg) 0.50 0.60 0.75 0.60 0.00 0.60 0.75 0.60 0.00 0.60 0.75 0.60 0.00 0.60 0.75 0.60 
Water (gal) 5509.30 0.00 5509.30 0.00 5509.30 0.00 5509.30 0.00 5509.30 0.00 5509.30 0.00 5509.30 0.00 5509.30 0.00 
Wastewater (gal) 0.00 0.00 5509.30 0.00 0.00 5509.30 0.00 0.00 5509.30 0.00 0.00 
Labor pre (hr) 1.98 2.03 2.03 2.03 2.03 2.03 2.03 2.03 
Labor main (hr) 3.20 10.00 3.20 10.00 3.20 10.00 3.20 10.00 3.20 10.00 3.20 10.00 3.20 10.00 3.20 10.00 
Glycerin clean-up (gal) 0.00 0.50 0.00 0.50 0.00 0.50 0.00 0.50 0.00 0.50 0.00 0.50 0.00 0.50 0.00 0.50 
Glycerin disposal (gal) 5.00 0.10 5.00 0.10 5.00 0.10 5.00 0.10 5.00 0.10 5.00 0.10 5.00 0.10 5.00 0.10 
Glvcerin sale (.al)" 0.00 -4.46 0.00 -4.46 0.00 -4.46 0.00 -4.46 0.00 -4.46 0.00 -4.46 0.00 -4.46 0.00 -4.46 
Total 167.2060557 92.46387881 89.39039618 100.7903379 100.7753735 232.9458457 232.9308813 241.2723048 
r:t 11 41 
< 
